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MEMORANDUM REPORT

_ for the
Materiel Dlvision, U. S. Army Alr Corps
WIND—TUHNEﬁ INVESTIGATICH OF A SECTION OF THE
HORIZONTAL TAIL SURFACE FOR THE BELL XP-63 AIRPLANE
By Milton B. Amey, Jr.,and H. Page Hogg:rd, Jr.
INTRODUCTION
At the request of the Materiel Divisién, U. S.
. Army Alr Corps, force tests have been conducted on
a model of a section of the XP-63 horlzontal tail
surface in the li- by 6-foot closed-throat vertical
wind tunnel of the National Advisory Committee for
Aeroreutlcs. The tests were made to determine the
aerodynamic sectlion characteristics of a modifiled
low-drag airfoll wlth a 0.26c flap having a
0.305c, overheng and a 0.40c; tab. The model
was tested wlth several elevator nose shapes and’
with a gap of 0.00lc at the elevator nose and also
with the gap sealed. Because a conventional con-
trol surface or elevator ls comparable to a flap on
an airfoll, these terms are used synonymously in

this report.



-2 -

MODEL, AND APPARATUS

The 2-foot chord by l|-foot spen model was made
of mahogany and was furnished by the Bell Aircraft
Corporation. The model had sn alrfoll section
.which conformed to the NACA 66,2x-009 profile
ghead of ths 75-nercent chord station, but had a
modiflied tralling edge rear of this station. The
ordinates for the modified section are glven in
table I. The flap had a chord of 0.26 of the air-
foll chord measured from the flap hinge axls to the
alrtfoll trailing-edge. The flap overhang ahead of
the hinge axls was 0.305 of the flap chord and tho
tab chord was 0.40 of the flar chord. Two flap-
nose shapes were originally constructed for the
tests, and these nose shapes are shown in figure 1.
The blunt nose on this drawing will hereafter be
referred to as the Bell blunt nose and the radial
 nosc as the NACA blunt nose. After the preliminary
tests of the NACA and Bell blunt-nose shapes had
been completed, a third noss shape, the NACA medium
noso, (sgse fig. 1) was designed and tcsted.

The tosts were made in the NACA - by 6-foot
vertical wind tunnel which has a closed test chamber
and return passage. The regular tlhrese-component

balance was used to measure the 1ift, drag, and
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. R}?ching moments. The flap hinge moments were
measured by a'gﬁécial hinge—ﬁombnﬁlﬁalhnce." Be- "
cause the model completely spanned the test chamber,
excopt for small clearances at each end, two-
dimensional flow was approximated.
TESTS

- The dynamic pressure was maintalined constant
throughout the tests at 15 pounds per square oot
corresponding to an elrspeed of about 76 miles per
hour &t stendard sca-level conditlons. The test
Reynolds number was apnroximately 1,430,000 and the
effrcctive Reynolds number of the tests was approxli-
mately 2,760,000, based on a turbul.ncs factor of
1.9% for the 4- by 6-foobt vertical tunnsel.

The anglec-of-attack range was from the negative

to thcec positive stall for all flap defloctlons.
The flap was tosted over a rangc of deflections
from 0° to 500 in 5° incroments with each of the
flap-nose shapes and with the 0.00lc gap &t tho
flap nose. Tests were also made with the NACA
blunt-nose fiap wlth the gap sealed with grease.
The tab teosts wcre made with the NACA blunt-nosc
flap and with the tab and flep gaps sealed wlth
greasc at tab deflectlons of 0°, * 10°, and t 15°
for flap deflections of 0°, 10°, 15° and 20°.
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After the completlon of the regular test program, the
irregularities on the surfaces of the model ceused
by the flap and tab nose cut-outs wore completely
falred with modellng clay and & test was made with
the flap and tab neutral to dotcrmine the minimum
drag of the model.
RESULTS

The results are giveﬂ in the form of section co-

efficients of 1lift, drag, pitching momonts, =and flap

hinge momcnts.
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c alrfoil sectlion 1ift coefficlent
cdo abrfoll scction profile-drag coefficlént
c airfoll section pitching-moment coefficlent
about quarter-chord polint of airfoll

chf flap section hinge-momcnt coufflcient

1 airfoll section 1lift
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. -Q alrfoll sectlon proflle drag
airfail séction ﬁitéhinginqment ebout
quarter-chord point of alrfoll
hf flap aectlon hinge moment

q dynamic pressurc 1lb/sq ft
¢ c¢hord of alrfoll with flep and tab neutral
Sr chord of flap wilth tab neutral

c engle of attack for airfoll of infinlte
aspect ratio

ﬁf flap deflection with respact to alrfoll

6 tab deflection with respect to flap

Only the values of the 11ft coefflclients have
beon corrccted for tunnel offects. The tunnel
corrcction for dreg is large Lut no satlsfeactory
method of &pplying a correction for drag has been
found. In any case the drag results of the low-
drag type of wing in a turbulent alr stream are not
belleved to be rellable.

The aepodynemic sectlon chorescteristics of the
alrfoll with the Bell blunt~ and the NACA blunt- and
medlum-flap-noss shapes and with the 0,00lc gap at
the flap nose zre presented in figures 2, 3, and |,
respectlively. The aerodynemic section character-
1stics are presunﬁed for the sealed-gap condltion
of the NACA blunt-nose flep in filgure 5.
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The proflle drag coeffliclents for the falred
model, and the model wlth the vérious flap-nose-shape
and gép varlietions, are plotted for flap and tab
neutral in figure 6. With the falred-model condition
as & baslis, the drag-cocfficient lncroments caused by
flap deflections are plotted 1n figure 7 for angles
of atteck of £ 89, ¥ ,° ang 0°. While the ebsolute
velues of tho proflle-drag coefficients are uncor-
rected, 1t ir belicved that the values of the incre-
ments are free from tunnel effects.

The results of the tab tests of the alrfoll
with the NACA blunt-nose flap end with tab and
flap gaps scaled are presented in figures 8, 9, 10,
and 11 for flsp deflections of 0°, 10°, 15°, and
20°, respoctively, with tab deflection of 0° * 10°,
and ¥ 15° for each flap derlection.

DISCUSSION

In order that thoe test program might be kept
at a minimum to expedlte the forwarding of the data,
a very bricf cnaelysls of the rosults was made at the
compleotlion of the flap-nose~shapo tcsts for the
0.00lc gap condition. The purpose of this analyels
was to determine which flep-nose shape should be
used for the sealcd gap and the tab tests. Ths

values of ¢, as affected by flap-rose shape arc
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plotted against &6y 1n figure 12 for angles of
attack of -8°, 0°, and 8°.  The hinge-moment char-
acterlistics of the Beil blunt-noss flap, the NACA
blunt-nose flap, and the NACA medium-nose flap,
respectively, are plotted against o, aond &, for
the 0.00lc gap condltion. (See figs. 13 to 15.)
The nose shapes were also compared in figure 16,
where the lncrements of c¢j; and the increments of

Chy caused by flap deflection are plotted for a
high ncgetive anglc of atteck, 0° angle of attack,
and & high posltive angle¢ of attack. On the basls
of thls =nalysls it was concluded that the NACA
blunt-nosc flap wes the most satisfectory from a
consldcration ol both the 1lift effectiveness and
the balance effectlivencss of the flep. Accordingly,
the sealed-gap tests 2nd the tab tests were mude
using only the NACA blunt-nosc flap. Plots of ¢,
versus bOp, °hf versus a,, chf varsus Bf for the
NACA blunt-nose flap with the gap sealed are
prescnted in figures 17 and 18.

In addition to the drag data presented 1n

figurcs 6 and 7, the following table of uncorrected

minimum proflle-drag coefficlients is prescnted.
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c

Model condition o
min

(uncorrected)

Model felred 0.0082
" fwith Bell blunt-
odel § nose rlup, 0.00lc gap 0.0088
1 d with NACA blunt-
Uodeld nose flap, 0.00lc gep 0.0092
(with NaCiA blunt-
MOde1<Lnose flsp, gap senled 0.0092

{ g1 . 5
wlth NACA medium-
Model nose flap, 0.00lc gep 0.0091

By the use of_aercdynamic parameters (reference
1) and the data from tests of a conventional airfoil
with a 0.30c flap (reference 2) the character-
istics of an NACA 0009 eirfoil with a 0.26c:- flap
having a 0.3050f overhang have been estimated.
In the following table & bricf comparlson of the
control-surfsce characteristics of the modified
low-drag alrfoll and the conventional airfoll has
been mede for the ccndition of infinite asvnect

ratlo.
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BEstimated Results
(refs. 1 & 2)

Parameter

Modlflied NACA 66,2x-009
Alrfoil, 0.26c NACA
blunt-nose flep, 0.3050f
overhang, sealed gap.

NACA 0009 airfoil, 0.26¢c
NACA blunt-nose flep,
0.3050f overhang,

(bczg
Ba.0/6

0.09L,

.052

-.55

-.0020

-.0095

20°
159°
259

0.0092 (uncorrected)

0.22 at Of

0.79 at 8
1.26 at Gg

sealed gap.

0.097

.053

-+55

.0010

~-.0095

20°
16°
11°

0.85 at &%
1.36 at Sp

0.0098 (uncorrectead)
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Langley Memorial Acronautical Laboratory,
- National Advisory Conmlttee for Aercnautics,
Langley Ficld, Va., August 29, 1941.
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Mote: See Bell Arcratt Corp. drawing No. 24-943-005 for reference.

Bell blemt nose f/a/o

_ NATIONAL IADVIBOBY' )
COMMITTEE FOR AERONAUTICB

8.250"
NACA blunt nose Flap

/ACA medhim nose #lap

Scale : Full size for
24" chord mode/
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